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RkSurgical Techniques in the LiSitlulL
RECanine, Fetal Physiology C

By 11101mg) L Bntxsn#.e. Aua~xvn MG'.. Coesx

THlE SURGICAL APPROACHR to the intrauterine environinent htas devei-
RE T aped as a useful procedure to study the fetus.

A mnwnl-r 4f uw'stalgastors Liave tlti'vz.NJd the fetal dog- as a aiidk- in a vane-ti
ofezpcriiIkltsXI' 3waraaant Jacisoin and EgdahlA llalker34 andl flndari and]

Il~m3demrcnbs murgial ptmcedures on the Mal dog. jaei~swa andl Egdahld
~muItetechiqa- of suaturing twfealhkfra o tder uterine wall prio to

making c~l-rti teieo ea niin 1edvlumn-f5ogr nthe
wanannalian fetuis las recEvtlyv been reviewed In- UuenkmantzS-6

The prese-nt repenrt de-tails 4wa technic-al aspects (if gtecile surgial procedures
and the eXperienceV gaineCd from1 n!Sre th~an: 5W0 OPCOrStion rfonnedO tnt the
pregnant dlog and is presented as a guide tot tier avoidane of pnitalls ins vaninte
feta mugeiny.

(1) Thet prenasid hit di shall hc ,ulaced in tlee Literal pwos na andl a veflical
flank incisont is peferrred. The inmeries sAeeeM lie spit at-ng their, fibers-.Tis,
approadh allows adequate expnrwe of sfl!- uteripe lIoun,. diinifishes postoper~a-
five dchismtcenevs a inidline, kanve abdomninal incision), and pennirs itnie
direcvt aciteirtioniak of the: cathieters (Fig. I)i.

(2) The fetusest at or necar the cerrir slnneld tuit be- usedi for Surge-ry. The-
manip latimo of fetuse near dthec-m-is %4d to initiatmofrn i labtor its 'n-er 5(f JQ

(3) Esgune only as muds #f the Iiseus as is nersesanj I.n coraplete tie er~gical -

pwccdnrc. Minimnizing fetal. exponire 4aeacsw heat loss;. the pro~ximi*.;- of fe-tal Z
ressekx tee the stuface and the additional surfatr area civnuposed of umblilical
cord and plaenta lead to rapid radiative bet loss when the- fetus is taken out
a( the utenzs.8

(4) Make.Iw flee ttne enrwoin dlistant fromt the placcut.is site. fit .wdt-r to ca~

Protect the placr-ntal cirvulatitin and its amidI large- mialteal andl fetal vessels-_

Fron le Bew s cfm MeU.kise at scurny. r *kparwwf.W&e TM NIT. MAISRIS.

TUhe 4'i(SW&ltn~Ko ~an wtZ' coptanti brwmr Sir ptivatr -"%,lN.-f ttir zaidiws and ame
not to tic ccnwtd Wýt ficAl cW w~ditac the titof fir San- R)jartnrnt mi fir Xaxu!
Sflir at large

Thr nicimcnsuwrn- n' tndnctAwd an'dzz to the rimitmt- .nnyiat-A in cnfiic fty?
ZiAnWaOs Mdm~d FOrhIfiuir atf Care.

RhCiLUEi L Brrmsiivz Capai. icdiOw!(hpx. tUS-. Sew: Dj~wuinw Staprry Didi-
Sims. Clncalc 3fnik4z &*cq-nr POIMcOnWS, U's. xNava mawA hnad Inisitnfc X494w

N rcl Ma1 Casks. ARnbr~a Md. AP.Ntvtn G. Cxwrv: Im~rt. nu en-xr .da
Corpzz t5S. X"d Ur'csre- r w Snnn Duinns Cba-w 51im5L 3in e le k-
rcars-,de. VS5. Nams! 3lolwhudil Ricrh M'tritnt. Sctuict Nand it dh-9 Cnamkn.- "cWd.
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the uterie ineision should bxe placed at a tximmum distance from the placenta.
Regardknss of the site of the uterine incision, adequate ,etal exposure can

rK almost always be obtained (for eanmple. exposure of fetal upper abdohmen).
(5) Make a small uterine incision; the delivery of the fetal 1wrt will enlarge

it. Comipromise of uterine vessels is Jes.sened by eliminating tlhe need to ligate
s~mi of these vessels, which is usually nm-cesary" %vith a lirge incision.

(6) When pjformiag head and neck- surgecrf. the membranes should be
fIt intact orcr the kataii cnd mw- andl then inciwald orcr the chosen Oletralice
41ct. This will prevent the fetus from inflating his lungs. if respiratory activity
should be initiated.

S(7) Aay exposed area , atdd !bw corered with a warm moist simige to
deerease the significant radiative heat ;oss front the fetus to the roAnm•, mirodn- ttt.

("Fidlou'ing ecxlxmSre o[ the approplriate area for s-urgerlj h ctr tn

be Ascured to /tae uterus with either Alliv clamps or sutures. By so doing one
can prevent delivery of the fetus, contraction and reiraction of the uterus, loss
of m annioti f "* 1. and reduction of the total capacity of the nitertis.

:9) Immediate control of fetal blerdinaii, howacevr small. is maaadatonj.
]kvause of the s.nall blodm volune of tile fetus, l.entostasis must tke prece-
dence over all other manauvers.

(10) The amniotic .uic must be closed dluring uterine closmre. Continued ltos
of amniotic fluid postoperatively %,ill umually lead to fb-ial death.

(11) if mauw than-one fetu.x h to be explared srrfally, the Imosition of all
selected fetuxes musit be determinled pitor to the initiation of surgery. "1e
-catheters of the firt fetus will not be-disitrbe-d while preparing the second
fetus for surgery.

(12) A/I oetal uaeisionz are cloawd wit/a faine mnab/,rbbl/c inutermptel
sutures to present restricted -fetal growth in the area cl .irgery that xocurs
with continuous absorbable or m)mtWbsorlbale stutures.

- ,I- * - _ ,•

AA
-Fg. I.-{A) Ttc da-ited Ruc reuri.t-s tile catent Adf tile cuk in isitu' mu the mternal

atimal. (BW Vic mumcle layrs hate ibeen e'.-ated ud th.e .ltenas -.ippled areja is
evidelt in tOWe Milter.
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(13) All fetal catheters should ;x exterioried throgh a separate incAkion in
the maternal alkWomen to prevent dislodgement and/or kinrking of the
catheters during closure of the abdominal incision.

(14) Side holes should be placed in the portion of catheter to be inserted
into a hollow viscus. This prevents inucosal occlusion of the opening at the end
of the catheter. These holes, in additihm, will prevent clogging of the small fetal
catheters that nmy result from stasi; s condary to the slow flow and small
voltune of excretion in fetal organs.

(15) The unbilical cord must be protected front exposure and manipa.
lation to prevent compromise of the umibilkal circulation.

(16) Great care must be exercis'd in suluring or ligahting fetal tisste. The,
decreased amnount of c(ainective tissue in the fetus results in increased friability.
SThere is less tendency for sutures to cu! through tissues when larger sizes are
used (i~e., No. 000 vs. No. 00000).

PMAAH.%,TO% oF TUtE MNrEU.AL ANIMAL

The anin.,: ;s allowed only water for 12 hr prior to surgery. No premnedication
is given. Anesthesia is indut.ced with intravenous ninbutal (25 mg/kg body
weight). An endotracheal tube is inserted. The animal is allowed to respire
spontaneously on room air. Anestlheia is supplemented as needed.

An intravenous drily of 5T dextrose in water is maintained during surgery.
The flank is shaved and washed with betadine (Bard Phannaceuticals, Yonkers.
N.Y.) antiseptic solution and then painted with betadine.

SPECIFIC SURCQ•IL PIOCETDUI-:S

Expowure of the Fetal Urinrnj Bladder (Fig. 2)

The uterus is inwised and, folowinug cxpo.'are of the f Ndl hindquarter, a right
paramndianl incision is made eqluidistant above and below the penis. In the

Jil I I I

Fig. 2.-:A)-";he Lower ix-irtion nf the fetus has ]Ne-i. deliveredl tr •i -ý ° Must b ow
tile tilil~ihcogs, "Ille -W,,1 rre!m'o ble ,sioll ex•tel (ldil .111:1XV lite ! ° ": eive of III--

opein h.aIs !wed ":-a- v fil th.- |IV.-it-Invi-. Tle[t|ba~.••presecnte-d throughoir l ia. ,t a-ate

tie icsii jd tinm l~v xvt lamiint;Soman k 7heC3h'riscr(
Ain ' pla _iizn tit lBl~
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femirale fetus, the incision is cx.ntered on the- junction of tlxe middle and lower
third of the abdomen. A small vein is frequently ewncntered surerficial to the
rectums mus•le. The incision is earried down thmrougl, the peritoneum. Invariably.
the distended urinary bladder fills the incision. The tnmbilival arteries are rot
usually visumalized but their proximity to the operative site imnt be borne
in mind.

Two figure-of-eight sutures of No. 00000 mersilene are placed through all
lavers of the aniterior wall of the bladder. TIme sutures should 1x- placed 1-2

rmm apart. An opening is made behveen the two sutures into the interior of the
bladder. Urine always flmes out through the incision. Prior to the insertion of
the polyethylene eatheter, PE200 (I.D. 0.55 iichi, O.D. 0.075 inch), tlue entire
thickness of the bladder (including muctsa) should he graspeld with tissue

forceps. This will prevent submucosal plabement of the catheter.
STo secure the tltheter in platce, one free end of each suture is looped about

the (Atheter. Thexse twti ends are tied •ogether. The remaining enild of the
sutures are tied together to close the bladder opening.

The abdomen may be closed in layers if the tissue pla.es are well developed;i•oth ,ruise , th~ro uigh and through intem ilpted -stteres slHailld Wit-'se. A similarclosure Es employed in subsequent procedures.
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Fig. 3.-(A) I'he dotted Ilfie'erpr,•smi, thie iniisi.tn rfo expoimu'e of the l(m.C uretCr.
lB) Thwe, anatollic relatiosmlaipii of lite ureter aret dpicted. ' C; Thir u!rnir hag 1exvl
iola!ed. (D) A cathletr has J xei ietierhivl into the u-reter.
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Fsgn. 4.-(A) 11c fetits has beenm te- E2
livcWý(I hlj to tile area of thle 1umb1iicl
Cord. (l Te edge oif tile Aztens has
bteci stiurtnd to th#,* fetuts iut 1),1w
file level (if thle u~nibilicits. 111C I-thtte
linte rvitresentis tle extent of tile right
paramnicdiati imuisionum (Cl The ciMLut-A
nunt amid -tamare are Jeliverro

,hitg a, right rectums itickion. (D)
Throiugh time samie incision. follomv lg
r1-platvintett of the tluxieuititn and
pancreas. tile gallbladoer f~tp se-xxd.
(E) A cathetler ltina been placedl il tile1E

Eirimmsue of the Fetial (dr(F ig. 3)
Fetal etxtlstirc is tile! sainz1 as for catlick-reattunm of tlke urinary hlAglcler. A

numlified Ilaticied lmerumiorrhaphy incision is umade anid is continuted downt into

the plerztoneal u7vt.Byeeaig thle mnimrginls of the. invision and gently
packing tile inmestimaes ammterolnedially. the ureter c-an lwe exposed as it enters
the, bladder.

lit this area. the iormer lirs posterior to the hypogastr'v artery awl-gouzul. It
is covecred by a ver thin laver of pteritoneninn and hs relatively uvze.vculzr amt
this site.

Vie mreter uay lx- clev-ated %vitl, a blunt M-rve 14)0k and a smazll incisionmm can
be tonade in tit( antterior wall. A J)01ycthyletiv- cathetier PElt) l.I). 0.011 ivick
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O.D. 0.024 inch) is plaL.ed into the ureter and threaded to the kidney pelvis.
The catheter is secured in place.

Because of the low-lying position of the fetal kidney, the ureter is relatively
short.AI
Exposure of the Fetal Duodenum. Pancreas, and Galbladder (Fig. 4)

The uterine incision is made over the lower extremities of the fetus and the
"fetus is delivered to the nmbilicus. The fetus is sutured to the uterus so that
the umbilicus is cmvered be' the uterine wall.

A right imramedian incision is made from the costal margin inferiorly for
approximately 2 cm. The incision is continued into the peritoneal space. The
first loop of intestines to present into the incision is generally the duodenum.
This can he readily confirmed as the loop is delivered and the pancreas

I ~ ~~~ ICIJ IIr

A A

E Fig. 5.,Aj Th'J• itenr with the
Ct a'l livta-d. (v,6le•otI through the

maternal itice.io:- IIW The ominxiig hA

IC kt~~ii Irl i nt.~if. I* S iO IIII4IIt-isd bte inci-j i it.p. "h e tai tci] is

_,ahlz -M \--i analomy ,ei
i' . -eiek dunIte! -E% icitheter are it-

i1~'lca XIVI al!ulim1
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idlentifiedl. Tlie entrance oif the viumno W'le deiet :into the dumodenums L.-vv" 1V
Vistsadi/e.d a"(1-the b~l,.fel d ,uct cull lx; htfl at fthis -ite. Vito loop of intestines
is rephiced arFJ gently jpad~ed asway with A- snuist 5ponge striv.

1Ar Te fetal al.-sammnal wvall is vi'(vattil and~t the liver displaced I? uiow.A 4
do-wnward depressio-- of the liver will exposie the uitrakliquiti gwihadder.
If the galilb Ider is siot redl viil ytis techn~ique. separation of the._-
lobe ,s of tit kv F will CNXpoSe it.

C-tlaeteui.. .. m on(f the galioladder follows the ~same getieral principles at-,
owlined in the A-etion for placemsent of a cathieter in the urii.an, Mladder. In
addition. in thiis inistanwe, it is impor~tanit to stflIIW thei ca-atheter to the anterior
aixlonjihal %vAl to prevent perforation of the visciis.

)Sxposucnr the /i Fetal E-w-phrig-m and (..athlrhaek'i:o, of the Fetal Sito macit
'1Fig.5

Thek a sterns is or"; xed over the fetal nose and tile fetai IeAd is delivierea Witli
tea.1 nbra~iis fintact. Time InAe is ctweret! withd wri is - ini~t" SpI11ge and the

hiesnos'ss are, opete ovr uk- fetal neekA rrL'sieionsmd ss
*Ao -e oid tw *;-gv- froma the ;idline to tis:- l-ft cxlerwa jugulae .Veim A

.- V ..1l t ~1k uSC tt.p muscles and the l-ft ýt rnovleiduimnwtioia -11mkel is-
dewk"..; ~:lie esopitagnsm is itientifledl lyin Tietweeil Ithe tracheA and caoi-JXd N
shieva A is isolated and ligated proximally just below the- fifer.'or pule, of
the thri-rid gland. Ilhe esophrAgus iq opoise trausvcisely and a rxpovly vkiwkm

Ci~l~tt P2O) (D. .05 S~h;0.0 0.75inch)'. is inerted into the stonaIh.

4swflion of Central 1'enow Catiack, (Fig. ýk.

Fact~ deliwr and exposure is the Sainte as in the- previous pmctdure
(esophagus). A sinu!) transves Inih __ waeoe ihretuilj lar
vein -that ~a It. Seen th1rotgh thie .1-in. The. Vein is &~svdfeefo h
suwrounding tmisse and ligaxtedl proximtally. THe- vein is g-asped with pointed
tissue forceps and tented sip. Using inkiurscissars, an incision is maade into the
wein bj cutling againtx the timse foram-p. The- imrgins; of the i.,tision ate held
iapart. 1The opening in th e ici mnay not 1w re-adily v-isible. bust thlt intiana oif
the, potuerioir veins wall tun Ix- identificd by its lighit reflex. A polyethylene
cusitcwtr. PE-50 (1.1). 0.023 inchs. 0.0. O.0S inch) or PEFM (I.D. 0.034 inch,
0.D. 0.o Licit) is inserted into tie vesn and dat-reaed centrally. The catheterN
is secured in plawe (h-IASZ ~

(I) Ilk- CatlketeT r (ru dthe h11o loiw us is Ahmied to draini into a t!est tiube.
An appropriate ýii'ed jcko(jo t ,luratxves flztritan. N. ).1 nrvdl(- i!
ftMsetetl throtigh the stopper Of (the !('.% Itihuc S0o that the 1111it -of tile Weedt
remains insidle thet tuht-. hit- Irtad catheter Ns Cither atladwhd In (or pw%
through the, plastic Poinioin uf the needilk.

- (~ T1 snatermdl alitiwan-s Is coventix with A stvantt drevaig
03.1)MlaI U Of penicillin andl ( if srpnyiaare- ZA11inistmsex daily

to thme taitituel bir the lust 5 postoperatm.' t&Ivs.
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(4) Experimental studies are performed thie day foilhwig suirgery on the
Sawake animal. If desi-ed. repeat studies can be made for the ibl)se(Iuenlt 48-hr
periocl in 80W of the experinmental preparati-mis.

(5) Sufficient evidence of fetal life is demonstrated by ftraction of the organ
s.ste. 1wing studied.

(6) If signs of labor develop, the stockinette dressing should be removed
to allow the newiimn puppies to nurse.

(7) If survival of the newborn is desired. the mother mnust be observed
lose]." at the time of deliverv. Frequently. she will destroy any fetus that has

nd(lergotle surgery.

SUMMARY

Surgical techniqu.es for operating on the vanine fetus togedthr with pre- and
postoperative management have been describeld. Tlieve principles have been
developec. during the course 4f over 50W surgical procedures p•rformed on the

EE pregnant dlog.
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